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General Methods
All chemicals were of the best grade commercially available and are used without further purification. All solvents were purified according to standard procedure; dry solvents were obtained according to the literature methods and stored over molecular sieves. Analytical thin layer chromatography was performed on glass plates coated with silica gel containing calcium sulfate binder. Gravity column chromatography was performed using 60-120 or 100-200 mesh silica gel and mixtures of hexane-ethyl acetate were used for elution.
Melting points were determined on a Buchi melting point apparatus and are uncorrected. Proton nuclear magnetic resonance spectra ( 1 H NMR) were recorded on a Bruker AMX 500 spectrophotometer (CDCl 3 as solvent). Chemical shifts for 1 H NMR spectra are reported as δ in units of parts per million (ppm) downfield from SiMe 4 (δ 0.0) and relative to the signal of chloroform-d (δ 7.25, singlet) . Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quadret); dd (double doublet); m (multiplet). Coupling constants are reported as J value in Hz. Carbon nuclear magnetic resonance spectra ( 13 C NMR) are reported as δ in units of parts per million (ppm) downfield from SiMe 4 (δ 0.0) and relative to the signal of chloroform-d (δ 77.03, triplet). Mass spectra were recorded under ESI/HRMS at 60,000 resolution using Thermo Scientific Exactive mass spectrometer. IR spectra were recorded on Bruker FT-IR spectrometer.
General Procedure for the Lewis Acid Catalyzed Three Component (3+2) Cycloaddition Reactions Using Pentafulvene as 2π Component.
A mixture of indole 1a (50 mg, 0.427 mmol), pentafulvene 3a (147 mg, 0.640 mmol), aldehydes 2a (70 mg, 0.640 mmol) and Sn(OTf) 2 (4 mg, 0.008 mmol) were weighed in to a reaction tube and dry CH 3 CN (2 mL) was added and allowed to stir at room temperature for 2 hours. The solvent was evaporated in vacuo and the residue on silica gel (100-200 mesh) column chromatography with mixture of hexane-ethyl acetate yielded the products. : 3402, 3056, 3026, 2923, 1710, 1603, 1489, 1449, 1361, 1224, 1060, 1028, 750, 701 cm -1 .
1
H NMR (500 MHz, CDCl 3 , TMS): δ 7.84 (s, 1H), 7. 27-7.7.25 (m, 3H), 7.23-7.21 (m, 1H), 7.19-7.17 (m, 2H) , 7.14-7.13 (m, 5H), 7.05-7.01 (m, 2H), 7.00-6.97 (m, 3H), 6.89 (t, J = 8 Hz, 1H), 2H), 1H), 6.33 (d, J = 8.5 Hz, 1H), 2H), 4.20 (s, 1H) .
13
C NMR (125 MHz, CDCl 3 ): δ 148. 0, 146.3, 143.6, 143.4, 142.9, 141.4, 136.8, 135.1, 134.8, 130.2, 129.7, 128.6, 127.9, 127.7, 126.9, 126.8, 126.7, 125.3, 124.3, 122.3, 121.1, 119.7, 118.9, 111.4, 61.5, 51.6, 50.8 : 3410, 3055, 2922, 2394, 1705, 1599, 1490, 1446, 1314, 1269, 1026, 748, 701, 517 cm -1 . 1 H NMR (500 MHz, CDCl 3 , TMS): δ 7.83 (s, 1H), 7. 31-7.28 (m, 3H), 7.25-7.23 (m, 3H), 7.21-7.19 (m, 3H), 7.14-7.13 (m, 3H), 7.04-7.01 (m, 2H), 6.94-6.92 (m, 3H), 6.87-6.83 (m, 1H), 6.47-6.46 (m, 1H), 6.31-6.29 (m, 1H), 4.99-4.98 (m, 1H), 4.75-4.71 (m, 2H) .
C NMR (125 MHz, CDCl 3 ): δ 147. 3, 143.2, 142.0, 141.1, 140.4, 139.5, 137.6, 136.9, 134.8, 134.3, 132.3, 130.1, 129.5, 128.6, 128.2, 127.9, 127.3, 126.9, 126.8, 126.6, 124.0, 121.1, 119.8, 119.4, 63.0, 51.7, 50 : 3291, 3063, 3032, 2957, 1956, 1883, 1715, 1655, 1497, 1399, 1317, 1218, 1135, 1048, 737 cm 
C NMR (125 MHz, CDCl 3 ): δ 147. 8, 144.9, 143.6, 143.4, 43.0, 141.3, 136.8, 135.1, 134.6, 130.8, 130.1, 129.7, 128.8, 128.2, 127.9, 127.7, 126.9, 126.7, 124.0, 121.7, 121.2, 119.8, 118.6, 111.4, 61.5, 51.0, 50.6 : 3404, 3057, 2926, 1711, 1603, 1488, 1451, 1401, 1111, 1074, 1014, 752, 8, 145.4, 143.6, 143.4, 143.3, 143.0, 141.3, 136.7, 135.1, 134.7, 130.7, 130.2, 129.7, 128.7, 128.2, 127.9, 127.0, 126.7, 124.0, 121.6, 121.3, 119.8, 119.0, 118.6, 112.6, 61.4, 51.1, 50.6 : 3407, 3056, 2923, 1707, 1602, 1505, 1450, 1360, 1313, 1264, 1225, 1158, 1097, 1022, 839, 745 143.5, 143.1, 142.1, 141.4, 137.9, 136.9, 135.0, 134.7, 130.2, 129.8, 129.1, 128.7, 128.3, 127.9, 127.0, 126.7, 125.3, 124.2, 122.0, 121.2, 119.7, 118.7, 114.4, 114.2, 111.5, 61.6, 51.0, 50.6 : 3409, 3294, 3059, 2982, 2935, 2347, 1708, 1655, 1589, 1490, 1382, 1226, 1174, 1093, 933, 826 cm 5, 146.8, 143.7, 143.2, 142.8, 141.3, 136.7, 135.3, 134.6, 131.4, 130.1, 129.6, 129.2, 128.9, 128.7, 128.0, 127.4, 126.8, 126.2, 123.9, 121.4, 121.2, 119.9, 111.6, 61.4, 51.0, 50.5 8, 145.3, 143.4, 143.1, 143.0, 140.8, 136.7, 135.2, 134.6, 130.7, 130.2, 129.7, 128.6, 127.9, 126.9, 123.5, 122.2, 120.3, 119.9, 119.0, 116.5, 61.4, 51.1, 50.7, 16.8 146.4, 143.6, 143.2, 143.0, 140.8, 137.0, 135.0, 134.7, 130.2, 130.0, 129.7, 128.6, 127.9, 127.7, 126.9, 126.7, 125.3, 123.8, 122.8, 121.9, 120.3, 119.8, 116.6, 61.6, 51.7, 50.8, 16.9 141.5, 141.3, 140.3,135.5, 133.4, 133.2, 129.2, 128.8, 128.3, 127.1, 126.4, 126.2, 125.4, 125.2, 123.8, 120.6, 120.5, 119.8, 117.0, 110.0, 60.0, 50.1, 49.3, 20 : 3294, 3059, 1708, 1655, 1589, 1490, 1382, 1226, 1174, 1093, 933, 826 : δ 147.9, 144.9, 143.4, 143.1, 142.8, 141.8, 136.9, 135.0, 134.6, 130.9, 130.2, 129.8, 128.7, 128.2, 127.9, 127.7, 127.0, 126.7, 121.9, 121.5, 121.4, 118.3, 111.6, 61.5, 51.1, 50.6, 21.7 . : 3388, 3056, 3026, 2923, 1955, 1706, 1859, 1490, 1446, 1315, 1225, 756, 701, 517 cm -1 . 1 H NMR (500 MHz, CDCl 3 , TMS): δ 7.83 (s, 1H), 7.37-7.32 (m, 1H), 7.29-7.28 (m, 4H), 7.24-7.21 (m, 2H), 7.18-7.14 (m, 5H), 7.01-7.00 (m, 3H), 6.78-6.76 (m, 1H), 6.66 (d, J= 9.5 Hz, 1H), 6.49-6.46 (m, 2H), 6.32-6.31 (m, 1H), 4.74-4.65 (m, 2H), 4.16 (s, 1H).
IR (neat) ν max
HRMS (ESI):
13
C NMR (125 MHz, CDCl 3 ): δ 147. 8, 146.0, 145.4, 143.4, 142.8, 137.7, 136.4, 135.2, 134.9, 130.2, 129.7, 128.6, 127.9, 127.7, 126.7, 125.4, 124.4, 109.1, 61.3, 51.5, 50.7 : 3055, 2921, 2849, 1710, 1603, 1465, 1375, 1160, 1074, 1026, 735, 701 cm 146.5, 145.6, 143.5, 142.9, 141.7, 136.3, 135.2, 135.0, 130.2, 129.7, 128.6, 127.9, 127.6, 126.9, 126.8, 126.7, 125.2, 123.8, 120.5, 119.1, 118.8, 109.2, 61.4, 51.7, 50.2, 30.8 IR (neat) ν max : 3056, 2945, 2851, 1710, 1603, 1468, 1385, 1150, 1078, 1026, 738, 709 cm -1 . 1 H NMR (500 MHz, CDCl 3 , TMS): δ 7. 27-7.24 (m, 2H), 7.21-7.14 (m, 7H), 7.10-7.09 (m, 3H), 7.04-6.98 (m, 2H), 6.90-6.85 (m, 3H), 6.82-6.79 (m, 1H), 6.46-6.44 (m, 1H), 6.31-6.30 (m, 1H), 4.96 (s, 1H), 4.73-4.72 (m, 2H), 3.77 (s, 3H) .
IR (neat) ν max
HRMS (ESI):
13
C NMR (125 MHz, CDCl 3 ): δ 145. 9, 145.1, 144.3, 143.3, 143.2, 141.4, 140.3, 139.8, 138.1, 136.2, 135.0, 134.7, 132.3, 132.2, 130.2, 129.5, 128.3, 127.7, 126.6, 123.5, 120.8, 119.1, 61.9, 52.3, 50.3, 30.7 : 3052, 2920, 1734, 1601, 1465, 1373, 1261, 1088, 820, 742, 701, 658, 594 cm -1 . 1 H NMR (500 MHz, CDCl 3 , TMS): δ 7. 26-7.18 (m, 4H), 7.14-7.10 (m, 7H), 7.06-7.03 (m, 1H), 6.94-6.85 (m, 4H), 6.43-6.42 (m, 1H), 6.38-6.34 (m, 3H), 4.86 (s, 2H), 4.17 (s, 1H), 3.79 (s, 3H) .
C NMR (125 MHz, CDCl 3 ) : δ 147.7, 145.7, 145.0, 143.4, 142.9, 141.7, 136.2, 135.3 135.0, 130.8, 130.2, 129.7, 128.7, 128.2, 127.9, 127.7, 127.0, 126.7, 123.6, 120.7, 119.9, 119.2, 118.7, 109.3, 61.4, 51.2, 50.1, 30.8 : 3058, 2931, 2851, 1706, 1602, 1491, 1456, 1230, 1015, 954, 740, 699 : δ 147.7, 145.7, 145.5, 143.3, 142.9, 141.7, 136.2, 135.3, 135.0, 130.6, 130.2, 129.7, 128.7, 128.6, 128.0, 127.9, 127.0, 120.7, 119.2, 119.0, 118.9, 109.3, 61.3, 51.2, 50.1, 30.8 : 3409, 3053, 2922, 2863, 1702, 1608, 1596, 1454, 1311, 1265, 1109, 1023, 817, 745, 700 cm 146.4, 143.6, 141.3, 140.7, 140.1, 136.5, 136.3, 134.8, 130.1, 129.5, 129.3, 128.6, 127.5, 126.9, 125.1, 122.3, 121.0, 119.6, 118.7, 111.4, 61.6, 51.6, 50.7, 21. : 3408, 3025, 2925, 2855, 1580, 1487, 1457, 1375, 1309, 1267, 1109, 1071, 820, 755, 699 cm -1 . 1 H NMR (500 MHz, CDCl 3 , TMS): δ 7.87 (s, 1H), 7.28-7.25(m, 1H), 7.18-7.12 (m, 6H), 7.07-7.00 (m, 4H), 6.91-6.89 (m, 2H), 6.45-6.39 (m, 3H), 6.28-6.27 (m, 1H), 4.68-4.61 (m, 2H), 4.12 (s, 1H), 2.32 (s, 6H) ppm.
C NMR (125 MHz, CDCl 3 ): δ 147. 2, 146.5, 143.6, 141.3, 140.5, 136.9, 134.6, 130.5, 130.0, 129.5, 129.2, 128.7, 128.6, 127.0, 121.2, 119.7, 118.5, 111.5, 61.4, 51.5, 50.6, 22.7 
